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[Claim(s)] 

[Claim 1] The valuation method of the resin enveloping layer which in evaluating the resin enveloping 

layer of the metal plate which covered resin containing polyethylene terephthalate (PET) irradiates laser 

light in a resin layer surface, and is characterized by measuring a Raman spectrum. 

[Claim 2] The valuation method of the resin enveloping layer according to claim 1 characterized by 

measuring the full width at half maximum to which the Raman shift originated in about [ 1730cm-] one 

C=0 stretching vibration in the Raman spectrum obtained by irradiating laser light in a resin layer 

surface. 

[Claim 3] The valuation method of the resin enveloping layer according to claim 1 or 2 characterized by 
measuring a Raman spectrum on-line. 

[Claim 4] In the lamination equipment which laminates a resin film in a band-like metal plate using 1 set 
of lamination rolls The Raman spectrum equipment which measures the Raman spectrum of the 
laminated resin film, and on-line assessment equipment of the resin enveloping layer characterized by 
having crystallinity judging equipment by which the crystallinity of said resin film is evaluated based on 
the Raman spectrum measured with Raman spectrum equipment. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the valuation method and the equipment, the method of 
more specifically evaluating the crystallinity of a resin enveloping layer, and equipment of a resin 
enveloping layer of a resin coat metal plate. 
[0002] 

[Description of the Prior Art] The ingredient which laminated the biaxial orientation nature polyethylene 
terephthalate (henceforth PET) film which workability and elongation are excellent in and is rich in 
barrier nature as a lamination metal plate for beverage cans from the former in the metal plate is offered. 
Since thermal melting arrival of the film is carried out to a metal plate, the crystallinity of the film after a 
lamination falls. Various characteristics, such as crystallinity and film adhesion, are closely related, and 
crystallinity has become the important evaluation criteria of the resin enveloping layer. 
[0003] BO value is conventionally used as an index of crystallinity. As a method of evaluating the 
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crystallinity of a laminate film, the X-ray diffraction method is used as indicated by JP,H8-233754,A 
etc. This method is the method of acting as a monitor of the hardness of the strongest (100) field of X 
diffraction hardness, and uses a count value for the index of crystallinity. Using an X-ray diffraction 
method on-line, and feeding back the count value acquired to the heating conditions and lamination roll 
temperature conditions of a metal plate is indicated by said gazette. 

[0004] When thermal melting arrival of the resin film is carried out to a metal plate, the crystallinity of a 
film may differ in the metal plate center section near the metal plate cross direction edge. Moreover, 
laminated steel with uneven distribution of crystallinity is proposed within the plate surface these days 
(JP,H7- 195651, A). 

[0005] Although it is possible to evaluate the crystallinity in the comparatively large range more than the 
number cm of width, assessment of the crystallinity of a field narrower than it is difficult for an X-ray 
diffraction method. Therefore, an X-ray diffraction method cannot estimate the distribution state of the 
crystallinity of the narrow field near the metal plate cross direction edge, or the narrow field in a plate 
surface. 
[0006] 

[Problem to be solved by the invention] This invention aims at offering the method and equipment by 
which the crystallinity in the infinitesimal area of the resin enveloping layer in the metal plate which 
covered resin containing PET is evaluated in view of the trouble of said conventional technique. 
[0007] 

[Means for solving problem] In order to solve the above-mentioned problem, as a result of inquiring 
wholeheartedly, it found out that the crystallinity of the infinitesimal area of a resin enveloping layer 
could be evaluated by irradiating Raman spectroscopy, i.e., laser light, at a resin enveloping layer, and 
measuring a Raman spectrum. Below, the architecture of this invention is shown. 
[0008] (1) The valuation method of the resin enveloping layer which in evaluating the resin enveloping 
layer of the metal plate which covered resin containing polyethylene terephthalate (PET) irradiates laser 
light in a resin layer surface, and is characterized by measuring a Raman spectrum. 
[0009] (2) The valuation method of the resin enveloping layer characterized by measuring the full width 
at half maximum to which the Raman shift originated in about [ 1730cm-] one C=0 stretching vibration 
in the Raman spectrum obtained by irradiating laser light in the above (1) in a resin layer surface. 
[0010] (3) The valuation method of the resin enveloping layer characterized by measuring a Raman 
spectrum on-line in the above (1) or (2). 

[001 1] (4) In the lamination equipment which laminates a resin film in a band-like metal plate using 1 
set of lamination rolls The Raman spectrum equipment which measures the Raman spectrum of the 
laminated resin film, and on-line assessment equipment of the resin enveloping layer characterized by 
having crystallinity judging equipment by which the crystallinity of said resin film is evaluated based on 
the Raman spectrum measured with Raman spectrum equipment. 
[0012] 

[Mode for carrying out the invention] As shown in drawing 1 when this invention person etc. 
investigates the Raman spectrum obtained by irradiating laser light by the PET resin with which 
densities differ When the density of PET resin changed, it turned out that the full width at half maximum 
to which the Raman shift originated in about [ 1730cm-] one C=0 stretching vibration changes a lot. 
Then, about the PET resin with which densities differ, when a density and the connection of said full 
width at half maximum were investigated in detail, as shown in drawing 2, there is correlation that it is 
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good between a density and the full width at half maximum, and it became clear that the half band width 
is proportional to the density of PET resin. 

[0013] By the way, it is well-known that the connection of a formula (1) between the density of resin 
and volume fraction crystallinity is generally (the solid configuration II (KYORITSU SHUPPAN, 1984) 
of a polymer, 305). 

[0014] Volume fraction crystallinity (%) =(rho-rhoa)/(rhoc-rhoa) xlOO ~ The actual measurement, rhoc, 
and rhoa of a density of (1), however rho are the density of a perfect crystal and completeness non-**, 
respectively. 

[0015] Therefore, if the crystallinity, a density and a density, and Raman shift of the resin film which 
contains PET beforehand ask for the connection of the full width at half maximum resulting from about 
[ 1730cm-] one C=0 stretching vibration In the Raman spectrum obtained by the resin enveloping layer 
cross section by irradiating laser light about the metal plate which covered resin containing PET When a 
Raman shift measures the full width at half maximum resulting from about [ 1730cm-] one C=0 
stretching vibration, the crystallinity of the resin film of the portion which irradiated laser light can be 
known. 

[0016] Since BO value was conventionally used as an index of crystallinity, BO value and the Raman 
shift investigated the correlation of the full width at half maximum resulting from about [ 1730cm-] one 
C=0 stretching vibration about PET resin. Results of an investigation are shown in drawing 3 . Since a 
correlation good between BO value and a half band width is accepted, it becomes possible to use this 
correlation, to measure a half band width, and to calculate BO value which is the index of crystallinity. 
[0017] Drawing 4 is the block diagram showing the measuring method of the Raman spectroscopy used 
by this invention. The spectrum of the Raman diffuse light 25 entered and scattered about in the laser 
light 24 oscillated from the laser oscillator 23 is carried out with a spectroscope 26 to the resin film 22 
laminated in the metal plate 2 1 . 

[0018] The diameter of a beam of the laser light irradiated by Raman spectroscopy is adjustable by a 
lens 27, and assessment of the crystallinity of the field of required size is possible for it. By extracting 
the diameter of a beam of the laser light to irradiate, assessment of the crystallinity of the infinitesimal 
area of a resin enveloping layer is attained. 

[0019] Drawing 5 is the outline block diagram of the lamination equipment of a band-like metal plate 
equipped with Raman spectrum equipment, in drawing 5 -- 1 -- metal plate heating apparatus and 2 ~ a 
metal plate and 3 ~ as for Raman spectrum equipment and 7, a lamination roll and 5 are [ crystallinity 
judging equipment and 9 ] control equipment a lamination metal plate and 8 a cooling system and 6 a 
resin film and 4. 

[0020] Laser light is irradiated at the laminated resin film 3, and the Raman shift shown in drawing 3 
can evaluate crystallinity by crystallinity judging equipment 8 based on the connection between the full 
width at half maximum resulting from about [ 1730cm-] one C=0 stretching vibration, and BO value. 
[0021] The resin film 3 is laminated in a metal plate 2 with 1 set of lamination rolls 4 which heated the 
metal plate 2 to predetermined temperature with the heating apparatus 1, and were heated by 
predetermined temperature in the equipment of drawing 5 . [ cool with the cooling system 5, irradiate 
laser light with Raman spectrum equipment 6 at the film plane of the lamination metal plate 7 after 
cooling, and ] in the Raman spectrum obtained A Raman shift measures the full width at half maximum 
resulting from about [ 1730cm-] one C=0 stretching vibration, and sends the data of the measured half 
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band width to crystallinity judging equipment 8. With cry stallinity judging equipment 8, it calculates 
and asks for crystallinity based on the measured value of the sent half band width. 
[0022] Without changing manufacture conditions, such as line velocity and metal plate cooking 
temperature, and lamination roll temperature, using the equipment of drawing 5 The PET resin film 
(thickness: 25 micrometers) was laniinated in the metal plate (thickness: 0.185mm), the diameter of laser 
light irradiated with Raman spectrum equipment 6 was 1 micrometer, and change of the crystallinity of 
the film after a lamination was investigated. Results of an investigation are shown in drawing 6 . BO 
value calculated from the correlation curve shown in drawing 3 shows the result. Even if it continues 
measurement continuously, it turns out by very small change (sigma=2.1) that the monitor of the 
crystallinity has been carried out. Although this change is a conventional method and this level, a 
minuter field can be said that the direction of this invention is dominance in that assessment is possible. 
[0023] With the equipment of drawing 5 , the reference value of the crystallinity for which it asked with 
crystallinity judging equipment 8, and the crystallinity set up beforehand is compared, and performing 
temperature control of the metal plate heating apparatus 1 and the lamination roll 4 with control 
equipment 9 is arranged possible based on the deviation. The reference value of the crystallinity for 
which it asked with crystallinity judging equipment 8, and the crystallinity set up beforehand is 
compared, and if temperature control of the metal plate heating apparatus 1 and the lamination roll 4 is 
performed, change of crystallinity can be further reduced with control equipment 9, so that the deviation 
may become zero. 
[0024] 

[Effect of the Invention] According to this invention, assessment of the crystallinity in the infinitesimal 
area of the resin enveloping layer of a resin coat metal plate is attained. Since assessment of the 
conventionally difficult crystallinity of an infinitesimal area, for example, assessment of the resin 
enveloping layer of the very narrow field near the metal plate cross direction edge, will be attained if a 
resin enveloping layer is evaluated on-line by this invention, more stable manufacture of a resin coat 
metal plate is attained. 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the Raman spectrum obtained from PET from which a density differs. 
[Drawing 2] Drawing showing the density of PET, and the connection of the full width at half maximum 
to which the Raman shift originated in about [ 1730cm-] one C=0 stretching vibration. 
[Drawing 3] Drawing showing the connection between the half band width obtained by this invention, 
and BO value acquired by a conventional method. 

[Drawing 4] The block diagram showing the measuring method of the Raman spectroscopy used by this 
invention. 

[Drawing 51 The outline block diagram of the lamination equipment of a band-like metal plate equipped 
with Raman spectrum equipment. 

[Drawing 6] Drawing showing change of the crystallinity of the laminate film of the work example of 
this invention. 

[Explanations of letters or numerals] 
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1 Metal Plate Heating Apparatus 

2 Metal Plate 

3 Resin Film 

4 Lamination Roll 

5 Cooling System 

6 Raman Spectrum Equipment 

7 Lamination Metal Plate 

8 Crystallinity Judging Equipment 

9 Control Equipment 

21 Metal Plate 

22 Resin Film 

23 Laser Oscillator 

24 Laser Light 

25 Raman Diffuse Light 

26 Spectroscope 

27 Lens 



[Drawing 11 
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[Drawing 21 
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[Drawing 31 
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[Drawing 51 
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[Translation done.] 
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